Objective: To examine the association of childhood headache disorders with markers of risk for cardiovascular and cerebrovascular disease.
K NOWN MARKERS OF RISK
for cardiovascular and cerebrovascular disease include dyslipidemia, 1,2 obesity, 1 and elevated blood levels of C-reactive protein (CRP) 3, 4 and homocysteine. 5, 6 Adults with migraine or other headache disorders have elevated levels of these factors. [7] [8] [9] [10] Adult migraineurs with aura are at increased risk of cardiovascular disease and stroke. 11, 12 Hyperhomocysteinemia and genetic variants relating to homocysteine are risk factors for stroke in children. 13 In adults, analysis of the association of these factors with headache disorders and other outcomes is complicated by the frequent presence of such additional risk factors as smoking, hypertension, and diabetes mellitus. In children, these and other potential confounders are much less common. There are reports from small clinical samples that pediatric migraine is associated with dyslipidemia 14 andhyperhomocysteinemia. 15 In addition, in a representative national sample of children, severe or recurrent headache was associated with higher levels of adiposity as measured by body mass index (BMI). 16 We found no report on CRP levels in children with migraine.
Are children with headache disorders at increased risk of vascular disease? To our knowledge, no study has addressed this question. Since elevated levels of risk tend to be maintained over many years in adults 17 and some of the risk factors can be modified, we investigated the association and interaction of these factors in the National Health Examination and Nutrition Survey (NHANES).
The NHANES provides unique information on the health of US children; it includes comprehensive information on diseases and services, extensive data on social and demographic correlates of health, laboratory and clinical assessments of a wide range of potential indicators of health status, and environmental exposures that may contribute to child health. The sample was representative of noninstitutionalized US children and adults. The large sample size permitted pooling of the multiple replication waves, enhancing the reliability of the estimates and increasing statistical power to evaluate the stability of findings across specific subgroups of the population. 18 Recurrent or severe headaches in children are associated with recurrent headaches in later life but headache type as assigned in children is not a reliable predictor of the presence or type of headache disorder at later ages. 19, 20 Migraine in children differs in some respects from migraine in adults, 21 and there has been considerable discussion regarding the validity of the diagnostic criteria for migraine in children. [22] [23] [24] [25] [26] [27] The clinical significance of recurrent headaches in childhood and their association with comorbidities and biologic correlates suggest that, despite difficulties in their subclassification in NHANES and more broadly, pediatric headache is an important disorder.
We examined the association between headaches and vascular or inflammatory biomarkers including CRP, homocysteine, folate, lipid, and uric acid levels and platelet counts and their interrelationships in children. Other well-established correlates of headaches and/or vascular biomarkers including age, sex, ethnicity, poverty income ratio (PIR) (proxy for social class), and BMI were also included. Asthma was also considered in this risk profile because our previous work in both adults 28 and children 16 showed a strong link between asthma and headache disorders. We found that many of these biomarkers clustered more closely in children with than without severe or recurrent headaches or migraine.
METHODS

SAMPLE
Data were drawn from the NHANES (https://www.cdc.gov/nchs /nhanes.htm), which collected questionnaire and medical examination and laboratory measurements data from a representative sample of the US civilian residents from 1999 through 2004. The design was cross-sectional with each of the 6 annualsurvey years pooled into 1 analytical data set. Twelve subjects were excluded because they lacked information on headache. This produced an analytical sample of 11 770 children and adolescents aged 4 to 19 years. The NHANES uses a complex multistage probability sampling design. Variance corrections were performed by using SUDAAN version 9 (RTI International, Research Triangle Park, North Carolina) to account for stratification and clustering. Data were weighted to adjust for oversampling of lowincome persons, adolescents 12 to 19 years of age, and African American and Mexican American individuals. Detailed NHANES survey operations manuals are available on the NHANES Web site (http://www.cdc.gov/nchs/nhanes.htm).
MEASURES
Headache status was determined by this yes/no question: "During the past 12 months, have you had frequent or severe headaches including migraine?" The term headaches is used to refer to frequent or severe headaches or migraine in the remainder of this report. Sex, age, and race/ethnicity were obtained by self-report. Race/ethnicity was defined as non-Hispanic white, non-Hispanic black, Mexican American, other Hispanic, and other race including multiple races. Socioeconomic status was assessed by the PIR.
The PIR, based on family size, is the ratio of family income to the family's poverty threshold level, determined by the US Census Bureau. The National Center for Health Statistics calculated respondents' PIR values using self-reported family income data. The PIR was categorized into 3 groups in the analysis: less than 1, 1 to 2, and greater than or equal to 3. The PIR values less than 1 were deemed to be below the poverty threshold.
The NHANES data on laboratory measures from blood, urine, and swabs were collected from all respondents except those who did not meet age criteria or had excluded medical conditions such as hemophilia, chemotherapy within the last 4 weeks, or conditions preventing a clean blood draw. The measures examined herein include BMI (calculated as weight in kilograms divided by height in meters squared), triglycerides (12-hour fasting subsample), total cholesterol, high-density lipoprotein (HDL) cholesterol, non-HDL cholesterol (created variable, total cholesterol minus HDL cholesterol), low-density lipoprotein cholesterol (12-hour fasting subsample), CRP, homocysteine, methylmalonic acid, serum folate, vitamin B 12 , red blood cell folate, uric acid (12-to 19-year-old subsample), and platelet count. With the exception of homocysteine and methylmalonic acid, each measure is presented in non-SI units. Risk quintiles were defined to include individuals with measured values in the lowest quintile (HDL cholesterol, serum folate, red blood cell folate, and vitamin B 12 ) or the highest quintile (remaining measures). They were first calculated in the control population for the entire sample and then within 2 defined age groups: 4 to 11 years of age and 12 years and older. 2 Tests were used to compare the prevalence of headache within the sociodemographic groups as well as the sociodemographic breakdown within the 2 headache groups. Mean values of the biological measures were calculated for the entire sample as well as by sex, and t test analysis was used to compare groups. Mean values were also calculated within the 4-level age group and compared by linear regression analysis. Logistic regression models were used to estimate the association between headache and the risk quintile separately in 2 age groups in both unadjusted models and models adjusted for sex, race/ethnicity, and PIR.
DATA ANALYSES
The clustering of biological risk factors by headache group was determined by creating a sum variable that measured the number of risk quintile measurements for the following variables: BMI and levels of CRP, homocysteine, serum folate, HDL cholesterol, and non-HDL cholesterol. Values ranged from 0 (respondent not categorized into the risk quintile for any of these variables) to 6 (respondents measured in the risk quintile for all variables). An additional sum variable was created that included a self-reported diagnosis of asthma (range, 0-7). For all of the analyses, a 2-sided test with P values less than .05 was considered statistically significant. We used a Bonferroni correlation as a simple and conservative correction for multiple comparisons.
Finally, to examine relationships among the measured variables, we performed a factor analysis. Given the binary nature of some of the variables, we first examined tetrachoric correlations, then applied the factor analysis (PROC FACTOR) in SAS (SAS Institute Inc, Cary, North Carolina) on its output correlation matrix with promax rotation. prevalence of headache rose with increasing age. Before puberty, rates of headache were comparable in boys and girls, but after the age of 12 years, girls with headache outnumbered boys. 16 The highest headache prevalence, 27.4%, was observed in girls aged 16 to 18 years. Headaches were reported more frequently in African American individuals and in persons with low income as measured by the PIR. 16 Mean BMI was higher among children with headache, the difference in BMI between children with and without headaches being highly significant statistically in boys, girls, and the total ( Table 1) . Mean BMI rose with age but remained higher in children with than without headache in each age group. There was an excess of children with headache in the highest quintile of BMI values (as derived from the nonheadache population; see "Methods" section). Body mass index in the highest quintile was 35% more frequent in children for whom recurrent or severe headaches were reported (Table 2, odds ratio adjusted for age, race, and PIR).
RESULTS
Among
Children with headaches had higher mean CRP values thanchildrenwithoutheadache(Table1),andgirlshadhigher mean CRP values than boys, within headache status groups (data not shown). There was no significant difference in CRP values between boys with and without headaches. More children with headache were in the top quintile for CRP value ( Table 2 , second odds ratio also adjusted for BMI).
Mean values for homocysteine were higher in children with headache in boys, girls, and the total. Boys with and without headache had higher mean homocysteine levels than girls in the same groups (data not shown). Mean values of homocysteine rose over the ages studied in both the nonheadache and headache groups. More children aged 4 to 11 years with headache were in the highest risk quintile, while the difference between the nonheadache and headache groups was smaller in magnitude and not formally significant in children 12 years or older. Serum and red blood cell folate levels were lower in children with headache, without difference by sex. More children with headache were in the highest risk quintile (ie, the lowest folate levels). Vitamin B 12 mean values were lower in children with headaches. Mean values of lipids and quintiles of risk were not consistently different by headache status, although HDL cholesterol level was lower in boys with than without headache. There was no clear association of headache status with low platelet count or uric acid level.
More children with severe or recurrent headache were in the highest risk quintile for BMI and levels of CRP, homocysteine, and folate ( Figure 1 ) and more were in the riskiest quintile for 3 or more factors measured.
With asthma added to the group of clustered characteristics, almost twice as many young children with headache (31.7% vs 17.9%) had 3 or more of these characteristics. Thus, the factors measured in this study tended to cluster in children with headache. Children with headaches were more often in the highest quintile of risk with respect to CRP level than children with neither asthma nor headaches or with asthma alone. Children with both asthma and headaches were still more often in the highest quintile of risk with regard to CRP level (Figure 2) . Factor analysis suggested 2 factors, one primarily represented by homocysteine and serum folate levels, the other by CRP level and asthma.
In summary, a number of examined characteristics, including clinical and biochemical factors, were associated with risk for later cardiovascular and cerebrovascular morbidity and tended to cluster in children and adolescents with headaches. 
COMMENT
In this large and representative American sample, children and adolescents with severe or recurrent headache or migraine had higher mean BMI, higher levels of CRP and homocysteine, and lower levels of serum and red blood cell folate. More children with headache were in the quintile of highest risk for each of these biomarkers, and more were in the highest quintile of risk for 3 or more. Our results suggest that there may be 2 subgroups of children with headaches: one characterized by elevated levels of homocysteine and lower serum folate levels and the other by relatively high CRP levels and asthma. These observations suggest that different mechanisms may contribute to vascular changes in these 2 groups, and these subgroups may index potential endophenotypes that could be examined in future genetic research.
Elevated CRP level is a marker of inflammation, its concentration in blood correlating with levels of inflammatory cytokines, and is a biomarker of risk for cardiovascular disease and stroke. 29 The results of the study presented herein are consistent with a previous one showing increased CRP levels in young adults with migraine. 9 There is a strong relationship of CRP levels and BMI in children and adolescents, such that a 1-SD increase in BMI associates with a 52% increase in CRP concentration. 30 Indeed, adiposity was the major determinant of CRP levels in children. 31 Persons with an elevated CRP level at initial measurement tend to continue to have elevated levels of CRP in subsequent years. 32 Abnormalities in homocysteine levels are also associated with vascular risk.
In the NHANES survey years examined in this study, values for homocysteine, folate, methylmalonic acid, and vitamin B 12 were all measured after the initiation of fortification of foodstuffs with folate. 33 Many of the clinical or demographic indicators explored in this study are related to one another. In analyzing the association of the several factors with headache, we have tried to take the known relationships into account in multivariate analysis but cannot rule out unrecognized confounding.
While NHANES has important advantages for the study of disorders of health and their correlates, this data source has significant limitations. Information available in NHANES on headache status does not distinguish between migraine and its variants, including aura, and other frequent or severe headache types. In fact, as indicated, headaches in childhood are not easy to classify. Diagnostic categories of headache in young children are not stable over time, the proportion with a diagnosis of migraine at pubertal age being similar among those diagnosed at age 6 years with migraine or with tension-type headache. 20 The basic distinction between tension-type headache and migraine has been questioned. 34, 35 Severe or recurrent headache or migraine, as identified in NHANES, marks a group of young people who have characteristics associated with cardiovascular risk. Identifying early indicators of vascular disease may enhance our ability to define targets for prevention of these conditions. While cardiovascular and cerebrovascular disease usually do not become symptomatic until midlife or later, changes in arteries that are detectable in childhood are thought to be part of its pathogenesis. Chronic low-grade inflammation, as measured by CRP level, appears to play a role in the development of such vascular pathology. 36, 37 Elevated levels of homocysteine may also contribute.
Recent randomized trials indicate that treatment with a statin to lower CRP levels reduces the risk of stroke and other vascular events. 38 Statin use in children with hyperlipidemia is apparently effective and safe. 39, 40 Dietary improvement can lower homocysteine levels and decrease BMI. Wärnberg and Marcos stress the possibility of using markers of low-grade inflammation for screening high-risk young subjects during the long presymptomatic phase . . . while most damage is likely to be reversible. 41(pp13-14) Risk of asymptomatic vascular disease can be identified early, and severity rises with increasing number of risk factors. 42 We report that biomarkers of risk for vascular disease appear to cluster in children and adolescents with severe or recurrent headaches or migraine. Such 
